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Abstract
Tha compressed liquid densities and Mturation pressures of the mixtura111 dlfluoromethane
(R32) +
1, 1, 1,2-.tetrafluoroothane (FI134a}, and difluoromethane (R32) + 1, 1~/f/uoroethane (R152a) have been
mea111ured
for approximately equllmolar mixtures. The liquid densities ware measured using a vibrating tube densimeter
over

a tempar111ure range of 243 K to 373 K and at prassuras from near saturation to 6500 kPa. The compressed liquid
densities tor both mixtures are correlated.

The saturation pteslilures were measured using a vapor.Jlquidequilibrium variable--volume sapphire cell with a temperature range trom 250 K to the critical temperature.
The vapor
pressures are correlated, and the equation:~ aru presented. Saturated //quid densities were
calculated by
extrapolating compressed liquid Isotherms to the saturation pressure. The saturated liquid densities
are correlated
and lha equations aru presented.

Introduction
We have measured the compressed l!quid density and vapor pte~~~~ures of the mixtures, dllluoromethane
(R32)
+ 1.1.1.2-tetrnlluoroethane (FI134a). and dlll11oromethane (R32) + 1.H:Iiftuoroethane (R152a) over a range
of
temperatures and pressures where there are no published data. The R32 + R134a mixture had
a composition of
0.4980 mote fraction R32. The R32 + R152a mixture had a cornposltlon of 0.5066 mole fraction
R32.
Here we report measurements In the compressed liquid raglan along 28 Isotherms between 245
K

and 372 K.
and pressure in the range 1300 kPa and 6500 kPa for mixture R32 + R134a. and between
242 K and 367 Kat
pressures frcm 1200 kPa to 6500 kPa for mixture R32 + R152a. The apparatus used to determine
density was a
vibrating tube densimeter. The densimeter had been calibrated when under vacuum ( •1 Pa)
and when filled wtth
distilled, degassed water. OetaUs of the calibration can be found In reference [1). The accuracy
of the mixture
densities Is estimated to be 0.05%. The compressed liquid surfaces (PPD for both mixtures have
bean colTelated
and the equations are presented. The correlations represent the compressed liquid density to
: 0.02% except in
the super critical region.
The saturation pressures for the same mixtures but at slightly different compositions were determined
using a
variable--volume sapphire cell. The bubble pressure for R32 + R152a ranged from 220 kPa
·to 4256 kPa which
corresponds to temperatures from 249 K to 358 K Bubble pressures for R32 + R134a were collected
between 220
kPa and 4500 kPa corresponding to a temperature range of 250 K to 350 K The apparatuses and
techniques have
been described extensively In reference [3). The. critical temperatura tor both mixtures was
determined by the
disappearance and reappearance of the meniscus through repeated heating and cooling of the
mixture through its
critical temperature. Saturation densities were obtained by 6X!rap01atlng the compressed liquid
isotherms to the
saturation pressure determined by the VLE apparatus.

Apparatus and Procedure
Mixtures of R32 + R134a and R32 + R152a were prepared on a gas buret by distDIIng the pure
components
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Figure 1: VIbrating tube densimeter apparatus.

Figure 2: Variable volume sapphire cell apparatus.

were attained by mung the cell partially :"'~h
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Tho sapphiru call was Immersed In an ethylene glycol-water bath r;:onti'QIIed to .o0.001 K Measurements of the
posttlons of the vapor-liquid and liquid-mercury menisci, temperarures and pressures were made at 10 K intervals
over the rangu 250 K to thu c:rltlcal temperature of the mllclures. The pcs1tJon of the canter of the menlsc:us and the
edge of the manlsc:us waru measurod to c:orrect the volumes for menlsc:us curvature. Temperatures were measured
wtth a 100 ohm platinum reslstanc:e thermometer (PRT), which

had bean calibrated against a standard 25 ohm PAT.

Temperatureu were ac:curate to 0.002 K PruSSUr&$ were measured wtth a quartz pressure transducer coupled to
the sapphire cell through a mercury separator. Pressures were accurate

"!-

to o.s kPa.

each temperature. liquid and vapor volumes were measured at two or three total volwnes.

The set of

pressure and liquid volume measurements at each temperature were extrapolated to zero vapor volume to determine
the bubble pressure and liquid density. The pressures were accurate to 1 kPa. The volume of the call at the critical
state was used to determine the critical density. Further description of this technique can be found In reference [3].

Results
Compressed Uquid Density
Compressed-liquid-density measurements for the mixtures ware made along Isotherms between 243 K and 373
Kat pressures from 1200 to 6500 kPa. The densities shown in flgures 3 and 4 cover the density range from 1.3116
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Rgure 3: Compressed liquid densities and
saturated liquid densttles for
~32 + ~1523 mixture.

Figure 4: Compressed liquid densities and
saturated liquid densities for
R:32 + ~134a mixlure.

to 0.5073 gem·'. The closed circles represent the compressed liquid data, the open circles are saturated liquid
dens~ies.

The compressed liquid surfaces for both mixtures were correlated with a function having the form of equation
1 [3]. It reproduces the density of both mixtures to • 0.02% except In the super critical region, Equation 1 is a
correlation of only the compressed liquid data. The deviation of the densitloo from equation 1 for the mixture ~32

+ R152a Is shown in figure 5. Figura 6 Is the density deviation plot for mixture
scatter grealer

~32

+

~134a. Both mixtures show

than • 0.02% at higher temperatures. This scatter Is attributed to two lactors: the Inability of the

equation to modal highly curved isotherms commonly encountered near the critical poln~ and the accuracy of the
temperatura and pressure measurements close to the critical point
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The tempemture dependence ol the eoe111cfents Is given by:
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Figure 6: Compressed liquid density difference
!rom equation 1 for R32 + R134a.

Figure 5: Compressed liquid density difference
from equation 1 for R32 + R1528.

Vapor PI'Haures

ature for both mixtures. Each
Vapor pressure measurements were made betWeen 250 K up to the crillcaltemper
measurements were made
Fl134a
+
R32
mixture
mixture was studied at two slightly different compositions. For the
at x(R32) = 0.496 and x(R32) • 0.550: for R32 + R152a,

at x(R32)

=

0.498 and x(R32) - 0.508. The vapor

~ T /T,. and T, is the experimental
pressures for each composttlon were correlated to the following equation. where T.

crtticaltemper eture from the sapphire cell measurements.
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Equation 2 reproduces the saturatlon pressures to ~ 0.2 kPa for each composition listed above.
Equation 2 should
only be used from 250 K to the critical temperature listed tor each mlxrure.
Isotherms of compressed liquid density wore 911lduated at the saturatlon pr!ISl;ure to determine
the saturation
density. The saturation pressure at each isotherm wa& determined by ccrralatlng the m8iiSUrad
bubble pressunss
of mixtures at nearby compositions with a tunctlon of the form of equation 2. These
pressures were then
Interpolated at the relevant temperatures to eSIImate the pressure of the composttlons of the mixtures
measured w~h
lhe densimeter. Finally the satwutlon pressures were used In equation 1 to determine the saturated
liquid denstties.
The saturated liquid densities for both mixtures were conelated to the following aquatlon where
r .. 1-T(T, (equation

3):
1
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Equation 3 can reproduce the saturation denstties for both mixtures to ± 0.03%. Equation 3 Is
traditionally used for
pure fluids. however this form was chosen for convenience in correlating the mixture saturation
densities. The nearcrttical region of mixtures Is different from that for pure fluids, therefore coefficient 8 In
equation 3 does not
1
represent the crttical density of the mixture. EquaUon 3 should only be used from 250 K to
368 K tor the R32 +
R152a mooure and to 360 K fortha R32 + R134a mixture.
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Figure 7; Saturated liquid density difference
from equation 3 for R32 + R152a.
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Figure 8; Saturated liquid density difference
from equation 3 for R32 + R134a.

summary
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